Supplementary Figure Legends
(A) Diagram of alginate uptake and degradation in strain A1. Pit on cell surface, alginate-binding proteins (AlgQ1 and AlgQ2), inner membrane ABC transporter (AlgM1, AlgM2, and AlgS), cytoplasmic endotype alginate lyases (A1-I which is autocatalytically divided into A1-II and A1-III), and exotype alginate lyase (A1-IV) are illustrated. The gene cluster involved in alginate uptake and degradation is also shown.
AlgO is an alginate-dependent transcriptional regulator.
(B) Transmission electron microscope image of strain A1*. An arow indicates the "pit" formed on the cell surface dependent on extracellular alginate.
(C) Structure of some oligoalginate derivatives used in this study.
*Reprinted from Biochem. Biophys. Res. Commun., 220(3), pp981, Hisano, T., Kimura, N., Hashimoto, W., and Murata, K. Pit structure on bacterial cell surface. Copyright (1996) , with permission from Elsevier. Wall-eyed stereo diagram of the overall structure and 2|Fo|-|Fc| density map of AlgM1M2SS contoured at 1.5 . Blue, AlgM1; green AlgM2; orange and cyan, AlgS. 
Supplementary Experimental Procedures

Construction of Plasmids for the Overexpression of AlgM1M2SS
The overexpression systems for intact and truncated AlgM1M2SS with a His-tag (10 × His residues) were constructed in E. coli as follows. The strain A1 genome fragment was introduced into the expression vector pET21b or pET19b (Novagen). The vectors pET21b and pET19b are designed to express proteins with a hexahistidine (6 × His)-tagged sequence at the C-terminus and a decahistidine (10 × His)-tagged sequence at the N-terminus, respectively. The oligonucleotides used to construct the plasmids are listed in Table S3 . The DNA fragment encoding AlgS-AlgM1-AlgM2 was amplified by polymerase chain reaction (PCR) using KOD plus polymerase (Toyobo) and strain A1 genomic DNA as the template. The amplicon was digested with NdeI and XhoI, then ligated with NdeI and XhoI-digested pET21b using Ligation High (Toyobo).
The resulting plasmid containing the AlgS, AlgM1, and AlgM2 genes was designated pET21b-AlgM1(d0)M2(H6)SS(WT). To construct the plasmid for the overexpression of AlgM1M2SS with a His-tag at the N-terminus of AlgM1, the DNA fragment encoding AlgM1 and AlgM2 was amplified by PCR with strain A1 genomic DNA as the template. To prepare high-quality crystals, the truncated AlgM1M2SS was expressed in E. coli. Cytoplasmic disorder of the N-terminal region of the transmembrane protein AlgM1 was predicted by the programs TopPred (Von Heijne, 1992), PHD (Rost and Sander, 1993) , prof (Rost et al., 1995) , and GlobPlot (Linding, 2003) . Based on the in silico prediction, two truncated forms [AlgM1(d24) and AlgM1(d33)] were constructed by genetic engineering. To construct the truncated forms of AlgM1, inverse PCR was performed using pET21b-AlgM1(d0)M2 ( To prepare seven alanine mutants of AlgM1 (H141A, K195A, E196A, D200A, R249A, H252A, and E259A), one mutant of AlgM2 (R209A), and a double mutant of AlgM1 (E196A/E259A), 16 oligonucleotides were synthesized (Table S3) . Site-directed mutagenesis was performed as described above using pET21b-AlgM1(d24)M2(H10)SS(WT) as the template.
DNA Manipulations
Genomic DNA isolation, subcloning, transformation, and gel electrophoresis were performed as previously described (Sambrook et al., 1989) . The nucleotide sequences of the ABC transporter genes were confirmed using the dideoxy-chain termination method with an automated DNA sequencer model 3730xl (Applied Biosystems) (Sanger et al., 1977) . Restriction endonucleases and DNA-modifying enzymes were purchased from Takara Bio and Toyobo.
Expression and Purification of Proteins
E. coli BL21-Gold(DE3)/pLysS was used as the host strain for the expression of various types of AlgM1M2SS. The methionine auxotrophic E. coli strain B834(DE3) was used to prepare SeMet-substituted AlgM1M2SS. Terrific broth with 0.4% glycerol, 1% glucose, and 2 mM MgSO 4 (Losen et al., 2004 ) was used to culture BL21-Gold(DE3)/pLysS, and minimal medium containing SeMet (25 mg/mL) was used to culture B834(DE3). Cells were collected by centrifugation at 6,000 g and 4 °C for AlgM1(d24)M2(H10)SS(WT) selenomethionine derivative was purified in the same manner, except that 5 mM 2-mercaptoethanol was added throughout the purification process. The purified protein concentration was determined using a bicinchoninic acid protein assay kit (Pierce).
AlgQ1 and AlgQ2 were expressed and purified as previously described (Nishitani et al., 2012) .
Preparation of Alginate Derivatives
The alginate derivatives were prepared as previously described using Eisenia bicyclis sodium alginate (M/G ratio, 56.5/43.5%; average molecular mass, 300 kDa) (Nacalai Tesque) (Nishitani et al., 2012) . The size of the oligosaccharide was confirmed by thin layer chromatography (TLC) (Hashimoto et al., 2000) and fluorophore-assisted carbohydrate electrophoresis (FACE) (Jackson, 1990 ) using 8-aminonaphthalene-1,3,6-trisulfonic acid. Longer oligoalginates designated as 8-20M
or 8-20G were a mixture of oligomannuronates or oligoguluronates with degrees of polymerization of 8 to 20 that were fractionated by size exclusion chromatography (Bio gel P2, BioRad).
Crystallization and X-ray Analysis
AlgM1 ( Single crystals were soaked in a cryoprotectant solution containing 20% PEG200 or 20% glycerol and then frozen under a stream of cold nitrogen gas. The X-ray diffraction patterns from numerous crystals were examined using the SPring-8 BL38B1, BL41XU, and BL44XU beamlines. The X-ray diffraction data for the importer/AlgQ2 complex and solute-binding protein-free AlgM1M2SS were collected using a Quantum210 or Quantum315 CCD detector (Area Detector Systems Corporation) at the BL38B1 beamline. The diffraction data were indexed, integrated, and scaled using the HKL2000 program (Otwinowski and Minor, 1997) .
The structure of the complex of AlgM1M2SS and AlgQ2 was initially determined by the molecular replacement method with Molrep (Vagin and Teplyakov, 2010 ) using the coordinates of AlgQ2 with tetrasaccharide (PDB ID, 1J1N) and with Amore (Navaza, 1994) using each subunit of the maltose transporter, MalF, MalG, and MalK (PDB ID, 2R6G). The anomalous cross-Fourier electron density obtained from the data set for the SeMet derivative was used for detailed model building with the program Coot (Emsley and Cowtan, 2004) . The structure of binding protein-free
AlgM1M2SS was determined with the program Amore using the structure of the transporter tetramer (AlgM1M2SS) in the complex of AlgM1M2SS and AlgQ2. The programs CNS (Brünger et al., 1998) and Phenix (Adams et al., 2010) were used for the structure refinement. A random selection of 5% of the reflections were excluded from refinement and used to calculate R free . After each cycle of refinement, the model was adjusted manually using Coot. Figures showing the protein structure were prepared using Pymol (Schrödinger, 2013) and Caver (Chovancova et al., 2012) .
Docking simulation
Interaction of hexadecamannuronate (16 residues) with the tunnel-like structure formed at the interface between AlgQ2 and AlgM1M2 was simulated by AutoDock Vina (Trott and Olson, 2010) . The coordinates of oligomannuronate were prepared using Coot. The grid was set to cover the tunnel of AlgQ2 and the interface between AlgQ2 and AlgM1M2 (size_x = 45.0, size_y = 40.5, size_z = 30.8).
Figures for docking forms obtained by the simulation were prepared using Pymol.
